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Technical Field 

The present invention relates generally to a method of protecting against a 
conductive layer incorporating oxygen and a device including that layer. More 
specifically, the present invention relates to an in situ treatment of tungsten nitride. 

Background of the Invention 

There is a constant need in the semiconductor industry to increase the number of 
dies that can be produced per silicon wafer. This need, in turn, encourages the formation 
of smaller die. Accordingly, it would be beneficial to be able to form smaller structures 
and devices on each die without losing performance. For example, as capacitors are 
designed to take an ever decreasing amount of die space, those skilled in the relevant art 
have sought new materials with which to maintain or even increase capacitance despite 
the smaller size. 

One such material is tantalum pentoxide (Ta 2 0 5 ), which can be used as the 
dielectric in the capacitor. Oftentimes, an electrically conductive layer, such as one made 
of hemispherical silicon grain (HSG), underlies the tantalum pentoxide and serves as the 
capacitor's bottom conductive plate. With other dielectrics, it is preferable to have a 
layer of polycrystalline silicon (polysilicon) deposited over the dielectric to serve as the 
capacitor's top conductive plate. If polysilicon is deposited directly onto tantalum 
pentoxide, however, several problems will occur. First, silicon may diffuse into the 
tantalum pentoxide, thus degrading it. Second, oxygen will migrate from the tantalum 
pentoxide, resulting in a capacitor that leaks charge too easily. Further, the oxygen 
migrates to the polysilicon, creating a layer of non-conductive oxide, which decreases the 
capacitance. This can also be a problem when using barium strontium titanate ((Ba, 
Sr)Ti0 3) or BST) as the dielectric. 
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In order to avoid these problems, it is known to deposit a top plate comprising two 
conductive layers. Polysilicon serves as the upper layer of the plate, with a non- 
polysilicon conductive material interfacing between the tantalum pentoxide and 
polysilicon. One such material often used is tungsten nitride (WN X , wherein X is a 
number greater than zero). However, other problems arise with this process. 
Specifically, by the end of the capacitor formation process, a layer of non-conductive 
oxide often forms between the two conductive layers of the top plate. For ease of 
explanation, this non-conductive oxide will be assumed to be silicon dioxide (Si0 2 ), 
although other non-conductive oxides, either alone or in combination, may be present. 

Without limiting the current invention, it is theorized that the tungsten nitride is 
exposed to an ambient containing oxygen. The tungsten nitride adsorbs this oxygen due 
to bonds located on the grain boundaries of the tungsten nitride surface. Once the 
polysilicon layer is deposited, the device is then exposed to a thermal process. For 
example, the capacitor may be blanketed with an insulator, such as borophosphosilicate 
glass (BPSG). The BPSG layer may not be planar, especially if it is used to fill a trench 
in which the capacitor is constructed. Heat is applied to the die to cause the BPSG to 
reflow and thereby planarize. The heat can cause the oxygen at the tungsten nitride 
surface to diffuse into the polysilicon, wherein the oxygen and silicon react to form 
silicon dioxide. 

Regardless of the exact maimer in which the silicon dioxide layer is formed, the 
result is that the HSG/Ta20 5 /WN x /Si0 2 /polysilicon layers form a pair of capacitors 
coupled in series, wherein the HSG/Ta^/WNx layers serve as one capacitor and the 
WN x /Si0 2 /polysilicon layers serve as the second capacitor in the series. This pair of 
capacitors has less capacitance combined than the single HSG/TaoOjAVNx/polysilicon 
capacitor that was intended to be formed. 

Other problems can occur with the association of WN X and TaX^. For example, 
it is possible for the WN X to serve as the bottom plate of a capacitor, underlying the T2^0 S 
dielectric. In that case, the deposition of the Ta^Oj or a subsequent reoxidation of that 
layer may cause the WN X layer to incorporate oxygen, thereby reducing capacitance. 
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It should be further noted that capacitor formation is not the only circumstance in 
which such problems can occur. There are many situations in which an in-process multi- 
layer conductive structure is exposed to oxygen and is subjected to conditions that 
encourage oxidation. Another example can be seen in the formation of metal lines. A 
layer of tungsten nitride, or perhaps tantalum nitride, may serve as an interface between 
the conductive material of a via and the metal line. If the interface is exposed to an 
ambient containing oxygen, then a thermal process involving the alloying or flowing of 
the metal in the metal line could cause a similar problem with oxidation, thereby 
hindering electrical contact. 

As a result, there is a specific need in the art to prevent or at least decrease the 
degradation of capacitance in capacitors and of electrical communication in metal lines. 
There is also a more general need to prevent or at least protect against or minimize the 
migration of oxygen in relation to a conductive layer of a semiconductor device. 

Summary of the Invention 

Accordingly, the current invention provides a method for protecting a conductive 
layer from oxygen. At least one exemplary embodiment concerns preventing or at least 
limiting a first conductive layer from incorporating oxygen beneath the layer's surface. 
Other exemplary embodiments address methods of limiting the first conductive layer's 
ability to adsorb oxygen. In doing so, such embodiments can help prevent the diffusion 
of oxygen into a second conductive layer, thereby protecting against oxidation between 
conductive layers. One such method serving as an exemplary embodiment involves 
exposing one of the conductive layers to an N 2 /H 2 plasma before another conductive layer 
is provided thereon. In a preferred embodiment, this step is performed in situ relative to 
the environment or ambient atmosphere in which the one conductive layer was provided. 

Other exemplary embodiments include the use of other nitrogen-containing 
plasmas, as well as the use of nitrogen-containing gases that are not in plasma form. Still 
other exemplary embodiments use gases that do not contain nitrogen. 
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Further, alternate embodiments protect against oxidation between conductive 
layers with a step performed ex situ relative to the environment or ambient atmosphere in 
which the one conductive layer was provided. In one specific exemplary embodiment of 
this type, silane gas is flowed over the one conductive layer. 

In preferred exemplary embodiments, at least one of the processes described 
above is performed on a conductive material that has the ability to adsorb or otherwise 
associate with oxygen. In a more specific embodiment, this material is a non-polysilicon 
material. Still more specific exemplary embodiments perform one of the processes on 
tungsten nitride or on tantalum nitride. In an even more specific exemplary embodiment, 
a tungsten nitride layer is treated before providing a polysilicon layer thereover. 

In yet another exemplary embodiment, a treatment such as the ones described 
above occurs in the context of capacitor formation and, more specifically, occurs in 
between depositing two conductive layers serving as the capacitor's top plate. In another 
exemplary embodiment, the treatment occurs between depositing the bottom plate and the 
dielectric of a capacitor. In yet another exemplary embodiment involves treating a 
conductive layer as part of the formation of a conductive line. 

In preferred embodiments, the method completely prevents the formation of the 
oxidation layer, although other exemplary embodiments allow for the restriction of the 
oxidation layer. In some embodiments, this oxidation layer is less than 10 angstroms 
thick. These methods also apply to embodiments concerning limiting a first conductive 
layer from incorporating oxygen beneath the layer's surface. In addition, the current 
invention also includes apparatus embodiments exhibiting these characteristics. 

Brief Description of the Drawings 

Figure 1 depicts an in-process device as known in the prior art. 
Figure 2 depicts an in-process device having undergone an additional step known 
in the prior art. 

Figure 3 depicts an in-process device having undergone yet more steps known 
in the prior art. 

Figure 4 depicts one exemplary embodiment of the current invention. 
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Figure 5 depicts a second exemplary embodiment of the current invention. 

Figure 6 depicts an in-process device as known in the prior art. 

Figure 7 depicts another in-process device as known in the prior art. 

Figure 8 depicts the in-process device in Figure 7 having undergone an additional 

step known in the prior art. 
Figure 9 depicts a third exemplary embodiment of the current invention. 
Figure 10 depicts a fourth exemplary embodiment of the current invention. 

Detailed Description of the Preferred Embodiment 

Figure 1 depicts an "in-process" device 20 - one that is in the process of being 
constructed - having undergone processes known in the art. First, a substrate 22 has been 
provided. In the current application, the term "substrate" or "semiconductor substrate" 
will be understood to mean any construction comprising semiconductor material, 
including but not limited to bulk semiconductive materials such as a semiconductor wafer 
(either alone or in assemblies comprising other materials thereon), and semiconductive 
material layers (either alone or in assemblies comprising other materials). Further, the 
term "substrate" also refers to any supporting structure including, but not limited to, the 
semiconductive substrates described above. Over the substrate 22, a first conductive 
layer 24 is provided. It is assumed for purposes of explanation only that the in-process 
device is a capacitor in the process of being built. Accordingly, the first conductive layer 
24 serves as one of the capacitor's conductive plates 25 (see Figure 2) and may be made 
of HSG. Returning to Figure 1, a dielectric 26 is provided which, in this case, is tantalum 
pentoxide. Subsequently, a second conductive layer is provided, which is intended to 
serve as part of the other conductive plate for the capacitor. Because the dielectric 26 is 
tantalum pentoxide, the second conductive layer should not be polysilicon. Rather, in 
this case, the second conductive layer is assumed to be a tungsten nitride layer 28. Once 
the tungsten nitride layer 28 is provided, however, there may be a tendency for oxygen to 
be adsorbed onto the surface of that layer 28. 
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Further, this adsorption may occur before a third conductive layer is provided. 
This layer can be a polysilicon layer 30 illustrated in Figure 2. Ideally, the tungsten 
nitride layer 28 and the polysilicon layer 30 define the other conductive plate 32. 

However, if the third conductive layer is oxidizable, then further process steps 
may cause other results. For example, as seen in Figure 3, a subsequent thermal process 
may cause a reaction between the polysilicon layer 30 and the oxygen that had been 
adsorbed onto the surface of the tungsten nitride layer 28. In building a capacitor, this 
thermal process can be the reflowing of a BPSG layer 34 that is deposited over the 
polysilicon layer 30. The heat may cause the formation of a silicon dioxide layer 36 
between the tungsten nitride layer 28 and the polysilicon layer 30, essentially creating 
two capacitors 38 and 40 connected in series and having less combined capacitance than 
the one capacitor originally intended. 

One preferred exemplary embodiment of the current invention is a method for 
protecting against the formation of the silicon dioxide layer 36 during the formation of 
the capacitor. Once the prior art steps depicted in Figure 1 are carried out, this exemplary 
embodiment has the tungsten nitride layer 28 exposed in situ to an N 2 and H 2 plasma. 
The term in situ indicates that the plasma process takes place in the same chamber, or at 
least within the same general atmosphere, as the process used to provide the tungsten 
nitride layer. At the very least, the term in situ indicates that the plasma process takes 
place before exposing the in-process device 20 to the atmosphere associated with 
providing the polysilicon layer 30. Exemplary process parameters include a temperature 
ranging from about 150 to about 600 degrees Celsius; gas flows including H 2 at about 50 
to about 2000 seem, N 2 at about 5 to about 1000 seem, and Ar at about 200 to about 2000 
seem; a radio frequency (RF) power ranging from about 50 to about 1000W; a pressure 
ranging from about 1 millitorr to about 10 torr; and a process time ranging from about 10 
seconds to about 240 seconds. One of ordinary skill in the art, however, can appreciate 
that these parameters can be altered to achieve the same or a similar process. 

Without limiting the current invention, it is theorized that this treatment stuffs the 
tungsten nitride grain boundaries with nitrogen or otherwise passivates the layer, thereby 
making the bonds at the grain boundaries less active. As a result, oxygen will be less 
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likely to be adsorbed or otherwise become associated with the tungsten nitride layer, if at 
all. For example, without this treatment, a silicon dioxide layer 36 about 10 to 40 
angstroms thick will form between the tungsten nitride layer 28 and the polysilicon layer 
30 (see Figure 3). The exemplary process described above can result in a silicon dioxide 
layer 36 that is less than 10 angstroms thick, as seen in Figure 4, and is preferably non- 
existent, as illustrated in Figure 5. 

Moreover, the current invention is not limited to the process described above. 
There are other methods of providing nitrogen to the tungsten nitride that are within the 
scope of this invention; For example, another such plasma treatment involves the use of 
ammonia (NH 3 ) in place of the nitrogen and hydrogen. In using ammonia for the plasma, 
parameters such as the ones previously described can be used, except that it is preferred 
to have a flow rate of ammonia ranging from about 5 seem to about 1000 seem and a 
process time of up to 500 seconds. Yet another embodiment includes a plasma treatment 
using N 2 without H 2 . In that case, the exemplary process parameters are generally the 
same as those used with N 2 /H 2 plasma except that the flow rate of N 2 is 50-2000 seem. 

Alternatively, ultraviolet light could be provided in place of RF energy. For 
example, in using N 2 and H 2 or in using NH 3 , the process parameters would be similar to 
the ones described above for those gases, except the RF energy would be replaced with 
UV light at a power ranging from 50 W to 3 kW. 

Further, the current invention also includes within its scope other methods of 
providing nitrogen without using electromagnetic energy to affect the gas. One such 
exemplary embodiment still involves introducing ammonia gas into the process chamber 
at the same flow rate and time as mentioned in the previous ammonia example, but at a 
pressure ranging from about 50 millitorr to about 1 atmosphere (760 torr). 

In addition, the current invention is not limited to providing nitrogen to the 
tungsten nitride. Other gases may provide a reducer, passivator material, or some non- 
oxygen stuffing agent to the tungsten nitride surface; or otherwise cause the tungsten 
nitride to associate with an oxygen-free material. A plasma treatment using H 2 without 
N 2 serves as one such embodiment. Exemplary parameters include a temperature ranging 
from about 150 to about 600 degrees Celsius; gas flows including H 2 at about 50 to about 
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2000 seem, and Ar at about 200 to about 2000 seem; an RF power ranging from about 50 
to about 1000W; a pressure ranging from about 1 millitorr to about 10 torr; and a process 
time ranging fro m about 10 seconds to about 240 seconds. 

Still other gases include diborane (B 2 H 6 ); phosp/ine (PH 3 ); and carbon-silicon 
compounds such as methylsilane (CH 3 SiH 3 ) and hexa/ethyldisilane (CH 3 ) 3 Si— Si(CH 3 ) 
3 ; and hexamethyldisilazane (HMDS). Additional alternate embodiments of the current 
invention use hydrazine (N 2 H 4 ), monomethylhydnkine, carbon tetrafluoride (CF 4 ), CHF 3 , 
HC1, and boron trichloride (BC1 3 ), which are als/ useful in passivating dielectrics, as 
addressed in copending application 09/1 14,84/ Also included are mixtures of any of the 
gases or types of gases described above. Exemplary non-plasma process parameters 
using these other gases include a flow ratey6f about 2 seem to about 400 seem for these 
gases; a flow rate of about 50 seem to abdit 100 seem for an inert carrier gas such as He 
or Ar; a temperature ranging from abou/ 150 to about 600 degrees Celsius, a pressure 
ranging from about 50 millitorr to about 1 atmosphere (760 torr); and a process time 
ranging from about 50 to about 500>Seconds. Again, one skilled in the art is aware that 
these parameters can be altered toy&chieve the same or a similar process. 

It is preferred that at least one of the processes described above occur between 
providing the tungsten nitride layer 28 and providing the polysilicon layer 30. It is more 
preferable that one of the inventive processes be carried out in a reducing atmosphere or 
at least before the tungsten nitride layer 28 is exposed to oxygen. Though such exposure 
is undesirable in many circumstances, it may be unavoidable. For example, the tungsten 
nitride layer 28 may be exposed to the cleanroom air at some point during processing. 
Thus, it is even more preferable to treat the tungsten nitride layer 28 in situ relative to the 
environment or ambient atmosphere used to provide the tungsten nitride layer 28. It is 
still more preferable to cover the treated tungsten nitride layer 28 before the in-process 
device 20 is exposed, even unintentionally, to oxygen. This is preferable because any 
exposure may allow at least some oxygen to associate with the tungsten nitride layer 28, 
even after one of the inventive treatments disclosed herein. Nevertheless, it is not 
necessary under the current invention to discourage oxygen adsorption before exposing 
the in-process device to the atmosphere associated with providing the polysilicon layer 
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30. If the in-process capacitor 20 is removed from the environment used to provide the 
tungsten nitride layer 28 and one of the inventive processes described has not been 
performed, then another option within the scope of the current invention is to expose the 
tungsten nitride layer 28 to a reducing atmosphere before providing the polysilicon layer 
30. This can be done by flowing silane gas (SiH 4 ) into the environment of the in-process 
device 20. Process parameters include a silane flow ranging from 50 to 1,000 seem, a 
pressure of 10 torr to 1 atmosphere, a temperature ranging from 300 to 700 degrees 
Celsius, and a process time ranging from 10 to 300 seconds. Moreover, this silane 
treatment, if chosen, is not limited to ex situ situations. Silane gas may be used in place 
of or in combination with the in situ treatments described herein. Accordingly, any 
combination of the individual processes covered by the current invention are also within 
its scope. 

As mentioned in the background section, oxygen diffusing away from the 
tungsten nitride is not the only concern when using that layer along with tantalum 
pentoxide. As seen in Figure 6, a tungsten nitride layer 128 is deposited over the 
substrate 122. A dielectric layer 126, assumed to be tantalum pentoxide, is deposited 
over the tungsten nitride layer 128. Assuming the in-process device of Figure 6 
represents the early stage of a capacitor, the tungsten nitride layer 128 will serve as the 
bottom plate rather than part of the top plate as depicted in previous figures. The process 
of depositing the tantalum pentoxide dielectric layer 126 may cause the tungsten nitride 
layer 128 to incorporate oxygen. In addition, further processing, such as a reoxidation of 
the tantalum pentoxide dielectric layer 126 may cause the tungsten nitride layer 128 to 
incorporate still more oxygen. This incorporation of oxygen will reduce the capacitance 
of the finished device. Under these circumstances, a preferred embodiment of the current 
invention calls for exposing the tungsten nitride layer 128 to an N 2 /H 2 plasma before 
depositing tantalum pentoxide dielectric layer 126. This plasma is created under the 
parameters already disclosed above. Although using an N 2 and H 2 plasma is preferred, 
the alternatives presented earlier - such as a non-plasma process, the use of another 
nitrogen-containing gas, or the use of a nitrogen-free gas, may also be used under these 
circumstances, and such alternatives fall within the scope of the invention. Further, it is 
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not required to use tungsten nitride and tantalum pentoxide as the two layers, as 
embodiments of the current invention will work on other conductive layers and dielectric 
layers as well. 

Thus, embodiments of the current invention protect against a conductive layer 
5 associating with oxygen in at least two circumstances. First, where a dielectric is 

deposited over a conductive layer, the disclosed methods help prevent oxygen from being 
incorporated within the conductive layer. Second, when a second conductive layer is 
deposited over the initial conductive layer, the disclosed methods inhibit oxygen from 
being incorporated by the second conductive layer and forming an oxide. 
10 It should be further noted that embodiments of the current invention are not 

limited to the circumstances related to the formation of capacitors. As further mentioned 
in the background section, a similar risk of oxidation between two conductive materials 
can occur during the formation of metal lines in a semiconductor device. As seen in 
Figure 7, insulation 42 has been deposited over the substrate 22 and subsequently etched 
to define a via 44. The via is filled with a conductive material, such as polysilicon, 
tungsten, copper, or aluminum. In this configuration, the conductive material may be 
C3 referred to as a "plug" 46. The plug 46 will allow electrical communication between the 
y underlying substrate 22, which may be doped to serve as part of a transistor, and the 

fesi 

b overlying line material 48. The line material 48 may be copper or some other conductive 
□ 20 material, including an alloy. The line material 48 is often deposited within a container 
50, also defined by etching insulation 42. (One skilled in the art can appreciate that 
different layers of insulation may define the via 44 and the container 50.) 

As a part of this process, it may also be preferred to include an interposing layer 
52 between the line material 48 and the plug 46. For purposes of explaining the current 
25 invention, it is assumed that the interposing layer 52 comprises tungsten nitride. This 
interposing layer 52 may enhance electrical contact between the line material 48 and the 
plug 46, promote adhesion of the line material 48 within the container 50, prevent or slow 
the diffusion of material across its boundaries, or serve some other purpose. 

Regardless of the intended or inherent purpose, this interposing layer may adsorb 
30 oxygen after it is formed. Moreover, there may be thermal processes involved with or 
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occurring subsequent to providing the line material 48. Such a thermal process could be 
used to deposit, flow, or alloy the line material 48. As a result of this or any other 
thermal process, it is believed that the oxygen adsorbed by the tungsten nitride 
interposing layer 52 will react with the line material 48, thereby forming an oxide layer 
54 between the interposing layer 52 and the line material 48 (Figure 8). This oxide layer 
54, being an insulator, will hinder the ability to allow electrical communication between 
the line material 48 and the plug 46. Accordingly, the exemplary methods described 
above may be used to reduce the oxide layer 54 to a thickness of less than 10 angstroms 
and preferably down to 0 angstroms, as seen respectively in figures 9 and 10. 

One skilled in the art can appreciate that, although specific embodiments of this 
invention have been described for purposes of illustration, various modifications can be 
made without departing from the spirit and scope of the invention. For example, it is not 
necessary to use an exemplary treatment of the current invention on a tungsten nitride 
layer. The invention's embodiments will also be effective on tantalum nitride surfaces, as 
well as other surfaces that may adsorb or otherwise associate or interact with oxygen. 

Further, it should also be noted that the general process described above for 
providing a metal line could be considered a damascene process, wherein a hole in 
insulation is filled with metal. This type of process is contrasted to processes wherein a 
continuous layer of metal is etched to a desired configuration and then surrounded with 
insulation. More specifically, the metal line process describe above is an example of a 
dual damascene process. It follows, then, that the current invention may be applied in 
any type of damascene process. Moreover, one skilled in the art will now be able to 
appreciate that that exemplary methods embodying the current invention apply to any 
situation involving the prevention, minimization, or change in a factor affecting the 
association of oxygen with a conductive layer. As a result, the current invention also 
includes within its scope devices that comprise two conductive layers and a minimal 
amount of oxide, if any, therebetween. Accordingly, the invention is not limited except 
as stated in the claims. 
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